Journal of Health Organization and Management u r n a l o f H e a l t h O r g a n i z a t i o n a n d M a n a g e m e n t 1 Post-surgery length of stay using multi-criteria decision-making tool Abstract Purpose -Length of stay (LOS) in hospital after surgery varies for each patient depending on surgeon's decision that considers criticality of the surgery, patient's conditions before and after surgery, expected time to recovery and experience of the surgeon involved. Decision on patients' LOS at hospital post-surgery affects overall healthcare performance as it affects both cost and quality of care. The main purpose of this research is to develop a model for deriving the most appropriate length of stay after surgical interventions.
u r n a l o f H e a l t h O r g a n i z a t i o n a n d M a n a g e m e n t u r n a l o f H e a l t h O r g a n i z a t i o n a n d M a n a g e m e n t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 u r n a l o f H e a l t h O r g a n i z a t i o n a n d M a n a g e m e n t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 u r n a l o f H e a l t h O r g a n i z a t i o n a n d M a n a g e m e n t 3 are not directly considered which explains the lower stakeholder involvement and adoption. This research aims to fill this gap by considering criteria beyond the traditional medical ones. This study aims to develop a holistic model for deriving LOS, which incorporates multiple criteria -such as clinical medical, social, financial and risk and engages concerned stakeholders. Additionally, this study demonstrates the application of multi-criteria decision-making in real life to scientifically assess the best LOS policy alternative for three surgical procedures in a public hospital in Malta through the use of actual patient outcome data and engagement of multidisciplinary stakeholders' (e.g. surgeon, patient or patients' relatives, hospital management and other medics) perspectives.
The remainder of the paper is organized as follows. Section 2 demonstrates in detail the methodology and the model for deriving LOS for specific intervention along with the application. Section 3 discusses the contributions of the proposed approach while Section 4 concludes the study.
METHODOLOGY AND RESULTS

Setting
The health system in Malta is based primarily on a publicly-funded national health system, which is supplemented by the private sector. In 2012, the national average LOS for all causes in acute hospitals was 5.3 days while the national bed occupancy rate was 83.2% (World Health Organization 2005) . The public hospital in this study is a 250,000m 2 complex with 827 beds and 25 operating theatres. The remainder of this section will outline the five steps to develop a holistic model for deriving the best policy alternative for patient LOS.
Step 1: Developing the decision model on LOS for specific interventions The conceptual model applied was developed through extensive literature review, as well as consultation with key stakeholders (e.g. surgeons and other medical doctors, nurses and allied professions, patient or patients' relatives, hospital management) through focus groups, after which criteria and sub-criteria considered for analysis were mapped out. As described by Schorr (Schorr 2012) factors that influence LOS can be grouped into three broad categories -Patient, social and family environment, Clinical caregiver and Health care system (Table 1) 
: -----------------------INSERT TABLE 1 -----------------------
Each focus group consisted of a mean of nine health care and hospital management professionals. The participants, who were presented with information derived from the literature review, provided their feedback, leading to the final criteria and sub-criteria of the model (Figure 1) . Medical, Financial, Social and Risk are considered as criteria. Type of surgical intervention, likely condition of patient post-surgery, and expected outcomes are identified as medical sub-criteria. The subcriteria -cost / benefit, capital and operating cost are considered within financial criteria. Patient satisfaction, community care provision, and family support are identified as sub-criteria for social criteria, and risk criteria are covered through readmission chance, possible discomfort, and likelihood of adverse event.
- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 u r n a l o f H e a l t h O r g a n i z a t i o n a n d M a n a g e m e n t 4 LOS policy alternatives (policy A -stringent target, Policy B -Moderate target, Policy C -Lenient target) were then developed based on patient data of the hospital under study available from January to December 2011. A random sample of 360 patients -120 patients per procedure -from the hospital's patient administration system was extracted. Of the 120 patients, who underwent a TKR, five files were not available. Of the 120 patients, who underwent LAP, 8 files were unavailable, 9 were incorrectly coded, 8 were converted to open cholecystectomy and 1 non-show patient. Of the 120 TAH patients, 4 files were unavailable. Therefore, the final sample was 325 patients (90.3%). This patient data were analyzed to derive the current average LOS for each procedure (Figure 2) :
----------------------INSERT FIGURE 1 -----------------------
Using these current ranges for the LOS for each surgery, three policy alternatives were outlined. Basing on the above displayed distributions, cut off points for each LOS range were developed for each procedure under analysis outlining the policy alternatives from the patient data. The data for each procedure were split into three cut points, each containing 33% of the respective sample. These uniform cut-off points based on the data distribution then delineated the policy ranges for the LOS to be analyzed. This methodology was chosen since it could be applied uniformly across all three procedures. Furthermore, this method considered the entire LOS range including extremes, thus ensuring that the LOS policy alternatives reflected the true range of LOS's for each procedure. The policy alternatives are illustrated in Table 2 .
The analytical tool was selected to scientifically fit the three interventions being studied. The complexity of hospital LOS demanded that flexibility of the tool needed to address the multi-criteria hierarchical structure, while incorporating both quantitative and qualitative multi-stakeholder perspectives (Pauly 2011). With this in mind, we chose a multiple criteria decision-making method for model building and data analysis involving two procedures. The first is using the Analytical Hierarchical Process (AHP), a multiple criteria decision-making technique developed by Saaty (Saaty 1994 , Saaty 1977 for the verbal subjective judgements on prioritizing the four predictors of surgical LOS -medical, financial, social and risk. The AHP has been extensively utilized in different fields and for various situations (Saaty, Sodenkamp 2008) . The mathematical underpinning of the AHP has been described in the Appendix. As shown by Saaty and Vargas (Saaty, Vargas 2006) , the AHP can incorporate expert clinical judgment with statistical data so as to develop the best alternatives for decision-making. The steps for applying the AHP are as follows: development a hierarchical model with goal for decision-making, criteria and subcriteria, and decision alternatives with the involvement of the concerned stakeholders; pairwise comparison of criteria using verbal scale as indicated in figure with the involvement of the concerned stakeholders to derive importance of criteria; deriving the relative preference of the alternative decisions by comparing each alternative pairwise; and synthesizing the results across the hierarchy to derive the overall priority vectors of the decision alternatives.
The second procedure involved pairwise comparisons of the sub-criteria under each criterion in line with the interventions -the objective data of which are obtained from the patients' files. In this part, we could not apply AHP as the sub-criteria were 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 u r n a l o f H e a l t h O r g a n i z a t i o n a n d M a n a g e m e n t 5 not scored through verbal judgements. Therefore, only pairwise comparisons of objective scores for the sub-criteria were employed (c.f. Supplementary file provides details of the coding used for data collected for patients who underwent laparoscopic cholecystectomy as an example, together with the anonymized data set so as to provide visibility of computation of values for the sub-criteria). The multi-criteria decision-making method structures problems in the form of a hierarchy, mainly goal, criteria, and alternatives (Bernasconi, Choirat & Seri 2010) . By using pairwise comparisons, ratio scales are calculated, providing numeric scales. There are other methods (e.g. analytic network process, fuzzy theory, multiple attribute utility theory and value theory, and The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)) that could have been adopted. However, this method seems to be the most appropriate one due to the characteristics of the criteria and decisions that are to be made, as well as the user friendliness of the method and easy to adopt with the existing practices.
Step 2: Model application and determining importance of criteria The three surgical procedures considered are laparoscopic cholecystectomy (LAP), total knee replacement (TKR), and total abdominal hysterectomy (TAH). Table 3 describes the three procedures and includes the number of procedures conducted within the hospital under study in 2011.
In this step, pairwise comparison using verbal scale as per AHP method is used. The higher order criteria outlined in the model -medical, financial, social and risk -are the common vectors and are applied to all policies. The sub-criteria are policy specific vectors and vary depending on the procedure. To develop a total policy rating for each alternative policy, the common and policy specific vectors were derived. The common criteria vectors were calculated using expert verbal judgment of preference assigned by the members of the focus group for pairwise comparison. The importance of criteria (policy vectors) as derived from the pairwise comparison is -Medical (0.533), Risk (0.260), Social (0.105) and Financial (0.102) . The importance of all the sub-criteria is derived through pairwise comparison (c.f Supplementary file). Subsequently, preference of each alternative decision is derived through pair wise comparison with respect to each sub-criteria. All the above pair wise comparisons matrixes are shown in the Appendix for the three interventions. Finally, the importance of all the criteria and sub-criteria is synthesized along with the preference of three alternatives with respect to each sub-criterion that results the overall ranking of the decision alternatives for three interventions. After applying the conceptual model to each intervention (c.f. Supplementary File), the best policy alternatives for each procedure are outlined in Table 4 . The policy with the highest ratio score is considered the best policy alternative.
Step 3: Gathering data on each sub-criterion for specific policy and comparing the best policy alternatives to present patient data In this step, the sub-criteria based on coded objective data from the patients' files (c.f. Supplementary file) were analyzed.
Laparoscopic Cholecystectomy
The current average LOS for LAP in the hospital under study is 2.2 days, which is within the best policy alternative of less than 3 days as derived from the applied model.
Total Knee Replacement
The current average LOS for TKR in the hospital under study is 6.61 days, which is above the best policy alternative of ≤ 4 days. Since the present average LOS is above the alternative, univariate analysis was conducted to assess possible differences between patients falling within the three policy alternatives. Mann Whitney U, Kruskall Wallis H and Spearman's Correlation tests were used (Table 5 ).
The results show that those with a longer LOS were older (p<0.05) however were more independent (p<0.01) which may reflect broader social support needs of patients as this age, something which may impact upon recovery. This raises the issue that for the hospital to function effectively, it must be adequately supported by the entire health and social systems. Indeed, in areas such as acute rehabilitation, external services and social support are crucial to enable surgeons to adopt the appropriate LOS policy. Apart from this however, patients with longer LOS were similar to those with shorter LOS across various clinical and demographic characteristics.
In monetary terms, a shift of the average LOS to 4 days from 6.61days would equate to considerable yearly savings. The estimated cost per surgical bed night for Orthopedics in the hospital is €191.12 (TOM 2012). For 467 procedures in 2011 with an average number of bed nights per procedure at 6.61 days, the hospital dedicates on average 3086.87 bed days for TKRs. In monetary terms this would equal €589,963 spent annually on occupied bed days. Should the alternative best policy be affectively implemented, we can expect the total average number of bed days for TKRs to be 1868 equal to an annual cost of €357,012. This indicates an annual saving of €232,951 from LOS reduction in TKRs alone.
Total Abdominal Hysterectomy:
The current average LOS for TAH in the hospital under study is 6.61 days, which is above the best policy alternative of less than or equal to 4 days. To investigate possible differences between patients falling within the three policy alternatives, univariate analysis was also conducted. Mann Whitney U, Kruskall Wallis H and Spearman's Correlation tests were used (Table 6 ).
The results revealed that patients suffering from cancer had a longer LOS (p<0.05). While this is expected, this result raises the issue that management should support clinicians in one-to-one clinical decisions when treating patients with unique demands. When excluding patients who had cancer as an indication for surgery, there were no differences in patients' features across the three policy alternatives. 
Therefore, notwithstanding any patient specific clinical decisions, the best policy alternative is a benchmark that can be applied across patients undergoing a TAH.
Similar to TKRs, a shift of the average LOS to 4 days from 6.11 days for TAH would equate to considerable yearly savings. For 480 procedures in 2011 with an average LOS of 6.11 days, the hospital dedicates on average 2932.8 bed days for TAHs. The estimated cost of a bed in gynecology is €179.10(TOM 2012). In monetary terms this would equal €525,265 spent annually on occupied bed days. Should the alternative best policy be affectively implemented to reduce the average LOS to a maximum of 4 days, we can expect the total average number of bed days for TKRs to be 1920 equal to an annual cost of €343,872. This indicates an annual saving of €181,393 from LOS reduction in TAH alone.
Step 4: Benchmarking policy alternatives against international standards The maximum for the best policy alternative and present average LOS for each intervention were compared with international benchmarks (Figure 3 ).
The average LOS for LAP for the UK (NHS 2015) also fits within the best policy alternative range derived from the model and is similar to what is being experienced in Malta. For TKR and TAH, we found more comparative statistics for LOS. The average LOS for TKR for Finland, Canada and the United States (Cram et al. 2012 ) are within the best policy alternative range derived from the model. This is similar for TAH which compared well to the benchmarks for LOS for the UK (NHS 2015), Denmark (Lykke et al. 2013 ) and the United States (Warren et al. 2009 ). For both these procedures, the present patient data show that the average LOS in Malta is above the averages experienced in these countries. Comparing the derived alternatives from our model with international benchmarks suggests that the alternatives outlined in this study are realistic targets.
Step 5: Actions for implementation of model The multi-criteria decision-making based framework for deriving LOS for specific interventions is a unique approach to deciding upon the best policy alternative for LOS within hospital because it incorporates evidence from the literature, as well as site-specific quantitative patient data and qualitative stakeholder's perspectives. Furthermore, it allows for an in-depth analysis of patient characteristics, an important factor to consider when the average LOS is outside the best policy range. This ensures a better understanding of any system-level deficiencies, which may need to be addressed before adopting the best policy alternative.
While the flexibility of the model allows for it to be adopted effectively in any setting and for any intervention, its implementation requires a number of things to be in place. Firstly, all stakeholders need to be onboard to contribute to the development of the criteria while also being amenable to implementing the policy alternative that the model derives. Secondly detailed patient data are important to allow for the quantitative and analytical component of the model to be applied within the setting being studied. Data are also important for economic assessment of the possible gains to be made by implementing the policy alternative. 
DISCUSSION:
Hospital LOS is an important measure of quality and efficiency within hospitals and recent emphasis has been put on reducing LOS across countries. Some health care settings have adopted surgical protocols such as ERAS with the aim of improving post-surgical outcomes. While such protocols show a measure of improvement in LOS, implementation and adaptation has been slow as focus still remains on clinical care factors. Without a comprehensive multi-criteria decisionmaking model that engages all stakeholders, ownership and adoption of policies and protocols may not be sustainable. A paradigm shift is therefore needed to ensure that decisions are made based on a strong evidence base; moving away from decisions that are arbitrarily taken by individual clinicians (Hollnagel, Braithwaite & Wears 2013) . This study has developed and applied a holistic model to determine optimal LOS. It outlines four major criteria to consider when developing LOS benchmarks within hospitals -medical, social, financial and risk. The model shows how health managers and clinicians need to consider all four criteria when determining the best policy alternative to ensure a balance rather than a trade-off between health care quality, efficiency, costs and LOS. The application of the model through an objective analytical tool yielded three policy alternatives for the surgical procedures considered which compare well with the average LOS found at country level internationally.
When considering the complexity of the health system and its impact on LOS, the most appropriate policy alternative would help achieve financial sustainability without compromising on other important healthcare outcomes.
With the implementation of the highest rated policy alternative therefore; we can expect an increase in cost effectiveness, efficiency and a faster release in beds. When considering the two procedures, which demonstrated a present average LOS above the best policy alternative, implementation of the policy alternative could lead to a considerable reduction in costs. The estimated annual savings would be that of €414,344 for the hospital from LOS reduction in TKR and TAH alone. If this is extrapolated to so many other procedures that are carried out in the hospital, the savings could potentially run into millions annually.
However, one must not forget that the hospital does not function in isolation and this study shows that it must be supported system-wide by both health and social policy sectors. Decisions about LOS should also include the unique demands of individual patients. While the methodology ensures that stakeholders' perspectives are considered, the judgment of the clinician with respect to specific individual patients' needs must always be taken into account. This study has shown that the current LOS for two out of the three procedures fall short of the best policy alternative and this may be indicative of pervasive contextual factors within the hospital system. However, when excluding these factors; the policy alternative outlined is generalizable across patients. A limitation of this study is the lack of patient level financial data, which would provide a richer analysis of the financial sub-criteria. On the other hand, a major strength is the large randomly-selected patient sample, as well as the application across three surgical procedures.
CONCLUSION
Multi-criteria decision-making tools enable management to optimize resource use, through the application of a scientific management technique with the involvement of all relevant stakeholders. The model developed and applied is flexible and can be adopted across different settings. It allows for the development of context specific criteria, ranked and scored based on stakeholder preferences and objective statistical data. Future studies can apply this method to other interventions across 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
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TKR
Any patients who throughout their recovery in hospital needed post-op feeding were scored according to the number of days and assumed better score 5 for those not needing any to score of 1 for those needing more than 4 days.
Patients who were mobilised on the day of the operation were considered to have a fast recovery and were thus assigned a Score of 5. Further lower scores were given depending on days' post-op mobilisation Any patients who needed a drain were deemed to need more medical attention and scored 1. Those who did not have a drain were scored 2.
Any patients who had fever were deemed to be more at risk and scored 1. Those who did not have a fever were scored 2.
Any patients who had wound problems for example infection were deemed to be more at risk and scored 1. Those who did not were scored 2.
Any patients who vomited were deemed to be more at risk and scored 1. Those who did not were scored 2.
Any patients who had good pain control were deemed to be more at risk and scored 1. Those who did not were scored 2.
The age of the patient was considered as part of the social criterion. Higher scores were given to younger age groups assuming less attention is needed from a social perspective.
Mobility pre-op was considered of an advantage and a predictor of less social problems postop and scored 2. Those who had mobility problems pre-op were assumed to need more social support post-op and scored 1. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 
Extremely Preferred 9
Very strong to extremely 8
Very strongly preferred 7
Strongly to very strongly 6
Strongly preferred 5
Moderately to strongly 4
Moderately preferred 3
Equally to moderately 2
Equally preferred 1 Pairwise comparison matrix was carried out for each of the criteria (Medical, Financial, Social and Risk) after verbal (subjective) judgement of preference by focus group. This was done by crosswise division of each value, summation of the columns, dividing each value with the summed value and finally summation across the rows to provide the priority vector with respect to each criterion
Importance of Constructs
Medical
Financial Social Risk
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